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[Abstract]

Cardiovascular disease (CVD) is the leading cause of death worldwide. It has been recognized that

specific regulatory factors from peripheral tissues can influence the pathological progression of atherosclerosis,
myocardial infarction (MI) and heart failure (HF). Drugs targeting the regulation of pathways related to hepatic
lipid metabolism, intestinal flora, renal sodium excretion and hypoglycemia, bone marrow clonal hematopoiesis
and immune inflammation, such as Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors, Sodium-
glucose Cotransporter-2 (SGLT2) inhibitors, IL-15 monoclonal antibodies and Chimeric antigen receptor (CAR)
-T therapy, have been shown to have significant protective effects in the prevention and treatment of cardiovascular
disease, especially ischemic heart disease and HF. Various forms of interaction between cardiovascular system
diseases and cerebrovascular, liver and intestinal metabolism, kidney and other functional disorders have been
widely reported. In this review, we focus on the interactions between the cardiovascular system and other organs
in ischemic heart disease and HF, highlight novel therapeutic strategies that modulate cardiometabolic and

inflammatory processes.
[Key words]

1 Introduction

Cardiovascular disease (CVD) is the leading
cause of death worldwide. Although reperfusion
is successful in reducing infarct size and
improving overall prognosis, ischemic heart
diseases including myocardial infarction (MI)
remain at increased risk of heart failure (HF)"".
It has been recognized that specific regulatory
factors from peripheral tissues can influence
the pathological progression of atherosclerosis,
MI and HF. For instance, the lipid metabolism
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in liver and absorption in intestine regulate
cholesterol and triglyceride levels and affect the
progression of atherosclerosis and MI. Renal
dysfunctions strongly affect the progression and
prognosis of CVD™. In response to myocardial
ischaemia, hematopoietic stem cells (HSC) in the
bone marrow are induced to generate a variety of
inflammatory myeloid cells, followed by recruiting
to arterial wall or myocardium". The association
between lymphocyte-dominated adaptive immunity
and atherosclerosis and MI, however, remain less
clear and worth further explored*”. Cardiac injury
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i1s common in patients with cerebrovascular disease
and brain-heart interaction was well discussed
by reviewed previously'”. In this Review, we
provide an overview of the interactions between
the cardiovascular system and other organs in
ischemic heart disease and HF. We highlight the
new therapeutic targets in preclinical and clinical
development, including PCSK9 inhibitors, SGLT2
inhibitors, IL-14 monoclonal antibodies and
Chimeric antigen receptor (CAR) -T therapy, which
are novel therapeutic strategies that modulate
cardiometabolic and inflammatory processes.

2 Liver, gut and blood vessel

The genetic association between cholesterol
and MI was first made in 1939, Hepatic lipid
metabolism and intestinal cholesterol absorption
regulate cholesterol and triglyceride levels and
affect the progression of atherosclerosis and acute
MI (Fig.1). As the cholesterol-lowering drugs,
the discovery of statins greatly contributes to
prevention of atherosclerosis and MI. Given that
statins effectively control cholesterol level and
reduce cardiovascular morbidity via regulating
lipid metabolism, side effects including statin-
associated muscle symptoms, hepatotoxicity, renal
toxicity occasionally lead to statin discontinuation
and limit the clinical applications of this class
of drugs. Observational studies suggested that
10%-15% of patients are intolerant to statins'.
Proprotein convertase subtilisin/kexin type 9
(PCSKY9) represents a novel therapeutic target
in the management of dyslipidemias". PCSKO,
secreted by liver, interacts with low-density
lipoprotein receptor (LDL-R) and activates its
degradation. It reduces the absorption of low-
density lipoprotein cholesterol (LDL-C) by cells,
and accelerates the accumulation of LDL-C in
blood vessel walls.

In clinical trials involving patients with high
LDL-C levels, anti-PCSK9 monoclonal antibodies
including evolocumab!'” and alirocumab'"!

reduced LDL-C levels by more than 60% and
significantly reduced cardiovascular events. For
atherosclerotic patients who are intolerant to
statins, PCSK9 inhibitors bring notable clinical
benefits, reducing the risk of myocardial infarction,
stroke and unstable angina.

Intestinal microbiota also contributes to
metabolic health and, when abnormal, may lead
to several metabolic disorders including CVD"*.
For instance, the gut microbiota generated
trimethylamine N-oxide (TMAO) directly
contributes to platelet hyperactivity, which
is associated with a higher risk of arterial
thrombosis'. In human subjects, elevated TMAO

levels predict incident risk for thrombotic events.

3 Kidney and heart

Another organ which correlates closely
with cardiovascular diseases is the kidney. Renal
dysfunctions strongly affect the progression and
prognosis of CVD. More than 60% of patients with
chronic kidney disease (CKD) simultaneously suffer
from cardiovascular diseases. Likewise, 40%-50%
of patients with heart failure have renal dysfunction
concurrently’”. The severity of CVD is also highly
correlated to the severity of CKD. Because heart
function has a very common interaction with kidney
function, the term of "cardio-renal syndrome"
has been proposed to describe the condition in
which either heart or kidney is dysfunctional, the
condition induces the dysfunction of the other
organ'"*. Current studies suggest that the crosstalk
of CVD and renal dysfunctions is due to multiple
mechanisms including hemodynamics, activation of
the renin-angiotensin-aldosterone (RAAS) system,
activation of the sympathetic nervous system (SNS)
and excessive inflammation (Fig. 1). In terms of
hemodynamic mechanism, when renal function is
damaged, the decrease of glomerular filtration rate
(GFR) causes renal hypertension, which increases
the load of heart and continuously damages the
heart, eventually causes adverse cardiovascular
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Fig. 1 Multi-organ crosstalk contribute to atherosclerosis and ischemic heart disease

events. In turn, in the heart failure setting, the
dysfunctional pumping capacity of the heart leads
to an increase in renal venous pressure and a
decrease in net filtration pressure. Glomeruli and
tubules are then continuously damaged, resulting in
a decrease in GFR and progression of CKD"

3.1 SGLT2 inhibitors

Sodium-glucose Cotransporter-2 (SGLT2)
is expressed mainly in proximal convoluted
tubular epithelial cells and reabsorbs of >90%
of filtered glucose. When SGLT2 is inhibited,
the reabsorption of glucose in the renal tubule
is suppressed and the blood glucose level is
reduced accordingly. Surprisingly, a series of
clinical trials showed that SGLT2 inhibitors
including empagliflozin">"", dapagliflozin'®""
and canagliflozin® all exhibited cardioprotection
effects in addition to their hypoglycemic effects.
Even for heart failure in patients without diabetes,
SGLT?2 inhibitors still significantly reduce heart

failure hospitalization and mortality. Moreover,

SGLT2 inhibitors significantly reduce the risk of
GFR reduction and end-stage renal disease in CKD
patients, regardless of diabetes””'. Hence, SGLT2
inhibitors are considered to have triple protective
effects on blood glucose, heart and kidney. The
potential mechanisms by which SGLT2 inhibitors
exert direct myocardial beneficial effects include
promoting sodium excretion to reduce plasma
volume and improve vascular function, shifting
metabolic pathways to ketone metabolism in the
heart and kidney, reducing inflammation and the
production of inflammatory cytokines, etc”™”. In
addition to the indirect cardioprotective effects
via the kidney, SGLT2 inhibitors also directly
act on other targets of cardiomyocytes and play a
direct cardioprotective role through mechanisms

including autophagy and autosis™”.

4 Bone marrow and heart

In response to pathogens or environmental
injury (such as myocardial ischaemia or

hemodynamic overloading), hematopoietic



Journal of Holistic Integrative Pharmacy, Vol.3 Issue 1 March 2022

21

stem cells (HSC) in the bone marrow activate to
produce a variety of inflammatory myeloid cells,
which invade into arterial wall or myocardium.
In most cases, excessive inflammatory cells
are detrimental, exacerbating atherosclerosis
progression and myocardial infarction injury™".
During the pathological progression of
atherosclerosis, inflammatory signals mobilize
inflammatory monocytes to invade into
atherosclerosis-prone areas where cholesterol
accumulated, the monocytes differentiate into
macrophages and thereafter, lipid-rich mast
cells after they ingest cholesterol. The cells then
undergo different forms of cell death, and necrotic
lipid core would form from the dead cells and
accumulate to form plaques, which meanwhile
trigger further inflammation, and eventually
exacerbate atherosclerosis progression”*.. In the
onset of MI, a large number of cardiomyocytes
are damaged or died in a short time. The damaged
cardiomyocytes release a series of danger signals,
which trigger downstream inflammatory responses
to remove residues of dead cells. Within days
or even hours, numerous inflammatory cells
including macrophages™™ and neutrophils®” are
recruited to the infarcted heart. Inflammation in
one way helps to remove the residues of necrotic
cells and extracellular matrix, on the other hand,
excessive inflammation further aggravates the
death of cardiomyocytes and cardiac remodelling,
thus further exacerbates myocardial injury. The
most important inflammatory pathway associated
with cardiovascular diseases is the NOD-like-
receptor: pyrin containing domain 3 (NLRP3)
inflammasome signaling pathway"’’. The activation
of NLRP3 pathway is primed by the recognition
of sterile damage-associated molecular patterns
(DAMP) via pathogen recognition receptors, the
activation of NLRP3 pathway eventually results
in the secretion of the proinflammatory cytokine
IL-1p, which triggers a series of cascades and
exacerbates inflammation damage.

4.1 Clonal hematopoiesis

Inflammatory responses also drive the clonal
hematopoiesis of HSC. Clonal hematopoiesis
refers to a condition in which one single HSC
proliferates to a large clone and this clone
eventually reaches a larger proportion in blood
cell population”®. Clonal hematopoiesis caused by
some certain mutations may lead to higher CVD
risk. Genetic studies have shown that mutations
in genes including DNMT3A4, TET2, ASXLI and
JAK?2 are highly associated with coronary heart

2931 JAK2 mutation carriers have the

[29]

disease
highest risk of coronary heart disease'””, while
TET2 mutation carriers have a very high risk of
premature MI"®'. Interestingly, TET2 mutation
exacerbates atherosclerosis and HF because
this mutation causes high activation of NLRP3
pathway in macrophages, leading to excessive

release of IL-14"".

4.2 IL-1p and GSDMD

Data from the CANTOS (canakinumab
antiinflammatory thrombosis outcome study)
trial showed that canakinumab, an anti-IL-1p
monoclonal antibody, reduced cardiovascular
events and all-cause and cardiovascular mortality
significantly””. Unfortunately, FDA rejected
to approve canakinumab for cardiovascular
indications, a major possible reason is that only
patients with a C-reactive protein (CRP) level of
higher than 2 mg/L are enrolled in the trial, which
makes it doubtful that whether canakinumab
has cardiovascular benefits in a broader patient
spectrum. At present, no drugs targeting
inflammatory cells and their products to treat
cardiovascular indications have been approved.
This fact implies that many unsolved problems
still exist in the field of immunotherapy for CVD.
For example, could other factors in the NLRP3
pathway be therapeutic targets? What are the roles
of different types of cells during cardiovascular
inflammation? Our recent work demonstrated that
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gasdermin D (GSDMD), which mediates 1L-1/
secretion after NLRP3 activation, plays a crucial
role in neutrophils and regulates acute myocardial
infarction injury””. This along with many other
studies hinted the possibility of exploring novel
targets to reduce cardiovascular inflammation
damage. As a matter of fact, several drugs targeting
the NLRP3 pathway besides IL-1f are under

development™**%.

5 The lymphatic system and heart

While the link between innate immunity and
CVD is well established, the association between
lymphocyte-dominated adaptive immunity and
atherosclerosis and MI, however, is much less clear
and worth further explored*”. Chimeric antigen
receptor (CAR) -T therapy harnesses the power
of adaptive immunity, engineering endogenous
T cells for immunotherapy””. A recent study
modified T lymphocytes with an antifibrotic CAR,
the engineered CAR-T cells hence specifically
eliminate the proliferating fibroblasts and
ameliorate cardiac remodelling after ischemic

38-39

injury”™ . This study explored the possibility
of the cutting-edge CAR-T technique beyond
oncology therapy and shed light on the novel

strategy for CVD therapy.
6 Conclusion

Multiple organs and tissues including liver,
gut, kidney and bone marrow profoundly affect
the development and progression of CVD such
as atherosclerosis and MI through metabolic and/
or inflammatory pathways. The progression of
atherosclerotic plaque increases the risk of acute
MI, while acute myocardial ischemic injury also
accelerates the development of atherosclerosis'”.
We acknowledge the concept that CVD are
systematic diseases, the in-depth investigation
on multi-organ crosstalk will provide insight for
understating the pathophysiological of ischemia
heart diseases and novel strategy for management

of CVD.
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